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Attorney Docket # 4925-176PUS 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re National Phase PCT Application of j 

Kari PAJUKOSKI et al. ; 

International Appln. No.: PCT/EP99/04053 

International Filing Date: 11 June 1999 j 

For: Method and Apparatus For Performing! 
Interference Estimation I 



PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 
BOX PCT 

SIR: 

Prior to examination of the above-identified application please amend the 
application as follows: 

In the Specification : 

On page 8, after line 32 (last line), insert the following as a new paragraph: 

-Other objects and features of the present invention will become apparent from the following 
detailed description considered in conjunction with the accompanying drawings. It is to be 
understood, however, that the drawings are intended solely for purposes of illustration and not as 

-1- 
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a definition of the limits of the invention, for which reference should be made to the appended 
claims. - 

On page 17, after line 28 (last line), insert the following as a new paragraph: 
--Thus, while there have been shown and described and pointed out fundamental novel features of 
the present invention as applied to a preferred embodiment thereof, it will be understood that 
various omissions and substitutions and changes in the form and details of the devices described 
and illustrated, and in their operation, and of the methods described may be made by those skilled 
in the art without departing from the spirit of the present invention. For example, it is expressly 
intended that all combinations of those elements and/or method steps which perform substantially 
the same function in substantially the same way to achieve the same results are within the scope of 
the invention. Substitutions of elements from one described embodiment to another are also fully 
intended and contemplated. It is the intention, therefore, to be limited only as indicated by the 
scope of the claims appended hereto. - 

On page 18, line 1, delete "Claims" and insert therefor -What is claimed is:-. 
In the Claims : 

Please amend 3, 4, 6-8, 12-14, 17 and 18 to read as follows: 
3. A method according to claim 1, wherein said predetermined code period 
corresponds to the length of the shortest code of said plurality of spreading codes. 
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4. A method according to claim 1, wherein said variance estimate is an MVU 
calculated by using the equation 



X denotes said despread sample signal, E(x) denotes an expectation value for said despread 



sample signal, and E\x\ J denotes the mean power of said despread samples signal. 

6. A method according to claim 4, wherein said expectation value is obtained based 
on the equation 

elm 

elm 

n=l 

wherein c denotes the spread code length of said received spread spectrum signal, m denotes the 
number of chips of said predetermined code period, n denotes a sample index of said despread 
sample signal, and X(n) denotes the value of said despread sample signal at the sample index n. 



a* = eI\x\ 2 )-\e(x) 



wherein a 2 denotes said variance estimate for a symbol i of said received spread spectrum signal, 




7. A method according to claim 4, wherein said mean power of said despread sample 
signal is obtained based on the equation 
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ci m 

« = 1 

wherein c denotes the spreading code length of said received spread spectrum signal, m denotes 
the number of chips of said predetermined code period, n denotes a sample index of said despread 
sample signal, and X(n) denotes the value of said despread sample signal at the sample index n. 

8. A method according to claim 4, wherein the interference estimate is obtained based 
on the equation 

N 

f c + m 1 _ ,/ n 

c N w 
z = l 

wherein / denotes said interference estimate, m denotes the number of chips of said 
predetermined code period, N denotes the number of averaged symbols of said received spread 
spectrum signal, for which said variance estimation is performed. 

9. A method according to claim 1, wherein said spread spectrum system is a 
WCDMA system. 
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12. An apparatus according to claim 10, wherein said sampling means comprises an 
integrating means (II) for integrating a signal, obtained by removing a spreading code from said 
received spread spectrum signal, over said predetermined code period. 

13. An apparatus according to claim 10, wherein said estimation means comprises a 
first integration means (12) for integrating said despread sample signal over a spreading code 
length of said received spread spectrum signal, a second integration means (13) for integrating a 
signal corresponding to the power of said despread sample signal over said spreading code length, 
and subtracting means (Al, M2) for subtracting a signal obtained by squaring an output signal of 
said first integrating means (12) from an output signal of said second integrating means (13). 

14. An apparatus according to claim 10, wherein said estimation means comprises an 
averaging means (14) for averaging an output signal of said subtracting means (Al, M2) over a 
predetermined number of symbols of said received spread spectrum signal. 

17. An apparatus according to claim 10, wherein said interference estimation apparatus 
is an SIR estimator (5) used for performing power control in a spread spectrum transceiver. 

18. An apparatus according to claim 10, wherein said spread spectrum system is a 
WCDMA system. 
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Add the following new claims: 

21. A method according to claim 2, wherein said predetermined code period 
corresponds to the length of the shortest code of said plurality of spreading codes. 

22. A method according to claim 2, wherein said variance estimate is an MVU 
calculated by using the equation 

d'= E liX\ 2 )- \E(xf 

wherein a 2 denotes said variance estimate for a symbol i of said received spread spectrum signal, 
X denotes said despread sample signal, E(x) denotes an expectation value for said despread 

sample signal, and e[ \X\ 2 ) denotes the mean power of said despread samples signal. 

23. A method according to claim 3, wherein said variance estimate is an MVU 
calculated by using the equation 

d 2 = E(\X\ 2 )- \E(x f 

wherein & 2 denotes said variance estimate for a symbol i of said received spread spectrum signal, 
X denotes said despread sample signal, E(x) denotes an expectation value for said despread 

sample signal, and E\ \X^ ) denotes the mean power of said despread samples signal. 
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24. A method according to claim 5, wherein said expectation value is obtained based 
on the equation 

elm 

E{X) = ^- £ X{n) 

elm 

« = 1 

wherein c denotes the spread code length of said received spread spectrum signal, m denotes the 
number of chips of said predetermined code period, n denotes a sample index of said despread 
sample signal, and x(n) denotes the value of said despread sample signal at the sample index n. 

25. A method according to claim 5, wherein said mean power of said despread sample 
signal is obtained based on the equation 

c I m 

n = l 

wherein c denotes the spreading code length of said received spread spectrum signal, m denotes 
the number of chips of said predetermined code period, n denotes a sample index of said despread 
sample signal, and X(n) denotes the value of said despread sample signal at the sample index n. 

26. A method according to claim 6, wherein said mean power of said despread sample 
signal is obtained based on the equation 
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ry 



c/m 



rt = l 

wherein c denotes the spreading code length of said received spread spectrum signal, m denotes 
the number of chips of said predetermined code period, n denotes a sample index of said despread 
sample signal, and x(n) denotes the value of said despread sample signal at the sample index n. 

27. A method according to claim 5, wherein the interference estimate is obtained based 
on the equation 

N 

f c + m I /a 
I = m Z 



c N 



wherein / denotes said interference estimate, m denotes the number of chips of said 
predetermined code period, N denotes the number of averaged symbols of said received spread 
O spectrum signal, for which said variance estimation is performed. 



28. A method according to claim 6, wherein the interference estimate is obtained based 
on the equation 

N 

- c + m 1 ^ / \ 
I ~ fn E /(/) 



c N 



/ =1 
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wherein I denotes said interference estimate, m denotes the number of chips of said 
predetermined code period, N denotes the number of averaged symbols of said received spread 
spectrum signal, for which said variance estimation is performed. 

29. A method according to claim 7, wherein the interference estimate is obtained based 
on the equation 

N 

c c + m 1 _ / x 
I = m 2 /(/) 

^ c N w 

a 1 = 1 

wherein / denotes said interference estimate, m denotes the number of chips of said 

ffj predetermined code period, N denotes the number of averaged symbols of said received spread 

M 

a spectrum signal, for which said variance estimation is performed. 



□ 30. A method according to claim 2, wherein said spread spectrum system is a 

i 

WCDMA system. 

31. A method according to claim 3, wherein said spread spectrum system is a 
WCDMA system. 

32. A method according to claim 4, wherein said spread spectrum system is a 
WCDMA system. 
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33. A method according to claim 5, wherein said spread spectrum system is a 
WCDMA system. 

34. A method according to claim 6, wherein said spread spectrum system is a 
WCDMA system. 

35. A method according to claim 7, wherein said spread spectrum system is a 
WCDMA system. 

36. A method according to claim 8, wherein said spread spectrum system is a 
WCDMA system. 

37. An apparatus according to claim 11, wherein said sampling means comprises an 
integrating means (II) for integrating a signal, obtained by removing a spreading code from said 
received spread spectrum signal, over said predetermined code period. 

38. An apparatus according to claim 11, wherein said estimation means comprises a 
first integration means (12) for integrating said despread sample signal over a spreading code 
length of said received spread spectrum signal, a second integration means (13) for integrating a 
signal corresponding to the power of said despread sample signal over said spreading code length, 

-10- 
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and subtracting means (Al, M2) for subtracting a signal obtained by squaring an output signal of 
said first integrating means (12) from an output signal of said second integrating means (13). 

39. An apparatus according to claim 12, wherein said estimation means comprises a 
first integration means (12) for integrating said despread sample signal over a spreading code 
length of said received spread spectrum signal, a second integration means (13) for integrating a 
signal corresponding to the power of said despread sample signal over said spreading code length, 
and subtracting means (Al, M2) for subtracting a signal obtained by squaring an output signal of 
said first integrating means (12) from an output signal of said second integrating means (13). 

40. An apparatus according to claim 11, wherein said estimation means comprises an 
averaging means (14) for averaging an output signal of said subtracting means (Al, M2) over a 
predetermined number of symbols of said received spread spectrum signal. 

41. An apparatus according to claim 12, wherein said estimation means comprises an 
averaging means (14) for averaging an output signal of said subtracting means (Al, M2) over a 
predetermined number of symbols of said received spread spectrum signal. 

42. An apparatus according to claim 13, wherein said estimation means comprises an 
averaging means (14) for averaging an output signal of said subtracting means (Al, M2) over a 
predetermined number of symbols of said received spread spectrum signal. 

-11- 
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43. An apparatus according to claim 11, wherein said interference estimation apparatus 
is an SIR estimator (5) used for performing power control in a spread spectrum transceiver. 

44. An apparatus according to claim 12, wherein said interference estimation apparatus 
is an SIR estimator (5) used for performing power control in a spread spectrum transceiver. 

45. An apparatus according to claim 13, wherein said interference estimation apparatus 
is an SIR estimator (5) used for performing power control in a spread spectrum transceiver. 

46. An apparatus according to claim 14, wherein said interference estimation apparatus 
is an SIR estimator (5) used for performing power control in a spread spectrum transceiver. 

47. An apparatus according to claim 15, wherein said interference estimation apparatus 
is an SIR estimator (5) used for performing power control in a spread spectrum transceiver. 

48. An apparatus according to claim 16, wherein said interference estimation apparatus 
is an SIR estimator (5) used for performing power control in a spread spectrum transceiver. 

49. An apparatus according to claim 11, wherein said spread spectrum system is a 
WCDMA system. 

-12- 
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50. An apparatus according to claim 12, wherein said spread spectrum system is a 
WCDMA system. 

51. An apparatus according to claim 13, wherein said spread spectrum system is a 
WCDMA system. 

52. An apparatus according to claim 14, wherein said spread spectrum system is a 
WCDMA system. 

53. An apparatus according to claim 15, wherein said spread spectrum system is a 
WCDMA system. 

54. An apparatus according to claims 16, wherein said spread spectrum system is a 
WCDMA system. 

55. An apparatus according to claims 17, wherein said spread spectrum system is a 
WCDMA system. 



-13- 
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REMARKS 

This preliminary amendment is presented to place the application in proper form 
for examination and to eliminate multiple dependency from the present claims. No new matter 
has been added. Early examination and favorable consideration of the above-identified application 
is earnestly solicited. 

Any additional fees or charges required at this time in connection with the 
application may be charged to our Patent and Trademark Office Deposit Account No. 03-2412. 

□ 

i«i Respectfully submitted, 

2 COHEN, PONTANI, LIEBERMAN & PAVANE 




Michael C. Stuart 

Reg. No. 35,698 

551 Fifth Avenue, Suite 1210 

New York, N.Y. 10176 

(212) 687-2770 



5 December 2001 
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AMENDMENTS TO THE SPECIFICATION AND CLAIMS SHOWING CHANGES 

In the Claims: 

3. A method according to claim 1 [or 2], wherein said predetermined code period 
corresponds to the length of the shortest code of said plurality of spreading codes. 

4. A method according to [any one of the preceding claims] claim 1 , wherein said 
variance estimate is an MVU calculated by using the equation 

^ = Ei\x\ 2 )-\E(xf 

wherein a 2 denotes said variance estimate for a symbol i of said received spread spectrum signal, 
X denotes said despread sample signal, E(x) denotes an expectation value for said despread 

sample signal, and E^X\ 2 ) denotes the mean power of said despread samples signal. 

6. A method according to claim 4[ or 5], wherein said expectation value is obtained 
based on the equation 

cl m 

E(X) = -1— S X{n) 

elm 

wherein c denotes the spread code length of said received spread spectrum signal, m denotes the 
number of chips of said predetermined code period, n denotes a sample index of said despread 
sample signal, and X(n) denotes the value of said despread sample signal at the sample index n. 
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7. A method according to claim 4 [any one of claims 4 to 6], wherein said mean 
power of said despread sample signal is obtained based on the equation 

elm 

E(\X\ 2 )=^- Z \x(nf 
elm 

n = l 

wherein c denotes the spreading code length of said received spread spectrum signal, m denotes 
the number of chips of said predetermined code period, n denotes a sample index of said despread 
sample signal, and x(n) denotes the value of said despread sample signal at the sample index n. 

jssgs 
□ 

8. A method according to claim 4 [any one of claims 4 to 7], wherein the interference 
rU estimate is obtained based on the equation 

S N 
;S 9 c + m 1 /a 
I-m Z III) 

a c n . 1 

wherein / denotes said interference estimate, m denotes the number of chips of said 
predetermined code period, N denotes the number of averaged symbols of said received spread 
spectrum signal, for which said variance estimation is performed. 

9. A method according to claim 1 [any one of the preceding claims], wherein said 
spread spectrum system is a WCDMA system. 
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12. An apparatus according to claim 10 [or 11], wherein said sampling means 
comprises an integrating means (II) for integrating a signal, obtained by removing a spreading 
code from said received spread spectrum signal, over said predetermined code period. 

13. An apparatus according to claim 10 [any one of claims 10 to 12], wherein said 
estimation means comprises a first integration means (12) for integrating said despread sample 
signal over a spreading code length of said received spread spectrum signal, a second integration 
means (13) for integrating a signal corresponding to the power of said despread sample signal over 
said spreading code length, and subtracting means (Al, M2) for subtracting a signal obtained by 
squaring an output signal of said first integrating means (12) from an output signal of said second 
integrating means (13). 

14. An apparatus according to claim 10 [any one of claims 10 to 13], wherein said 
estimation means comprises an averaging means (14) for averaging an output signal of said 
subtracting means (Al, M2) over a predetermined number of symbols of said received spread 
spectrum signal. 

17. An apparatus according to claim 10 [any one of claims 10 to 16], wherein said 
interference estimation apparatus is an SIR estimator (5) used for performing power control in a 
spread spectrum transceiver. 
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18. An apparatus according to claim 10 [any one of claims 10 to 17], wherein said 
spread spectrum system is a WCDMA system. 
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Method and Apparatus for Perfo rming Interferenc e * E st imation/ 

5 FIELD OF THE INVENTION 

The present invention relates to a method and apparatus for 
performing an interference estimation in a spread spectrum 
system, such as a WCDMA system, using a plurality of 
10 spreading codes with different code lengths. 

BACKGROUND OF THE INVENTION 

In spread-spectrum systems like the WCDMA system, the 
15 spectrum is spread by introducing additional modulation 
with spectrum spreading (SS) codes. An SS code is a 
sequence consisting of so-called chips. Orthogonal code 
sequences are used for the SS codes, whose characteristics 
vary depending on the purpose of the system. With 
20 multiplication of a PN (SS) code with the data signal, the 
spectrum spreads according to the spectrum bandwidth of the 
SS code. The multiplication with the PN code in the time 
domain results in a convolution integral in the frequency 
domain. If an SS code with a length of N chips for each 
25 data symbol is used, then the chip rate of the SS code is N 
times the data rate. As a result, the spectral bandwidth is 
increased (spread) by N times the original data spectral 
bandwidth. 

30 In practice, a (mobile) radio channel is subjected to 

multipath fading. In this channel, a narrow-band signal 
experiences flat fading, where all frequency components of 
the signal drop by the same amount at the same time. As a 
result, signal level may drop below the threshold value for 
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adequate communication. As the signal bandwidth becomes 
comparable to or wider than the coherence bandwidth of the 
multipath channel, the signal experiences frequency- 
selective fading and the signal level seldom drops below 
5 the threshold value, which is an advantage for the wide 
band signal. 

An SS system offers a simple technique that is effective in 
mitigating the multipath fading . This technique is called a 
10 RAKE receiver and uses a filter matched to the channel 

transfer characteristics. The matched filter in the RAKE 
U receiver outputs, at the sampling instant, a signal 

;2[ obtained by coherently combining the multipath signal 

O components. Since the multipath signal components are 

^ 15 subjected to independent fading, the combined signal has a 

fU diversity gain. Owing to the high time resolution, an SS 

* system yields the channel impulse response necessary for 

O the matched filter (RAKE) receiver. Thus, the SS RAKE 

ifj receiver achieves the benefit of wide-band transmission 

20 with low effort. 

ill 

* In a mobile communication system, an uplink closed loop 
power control is used for adjusting a mobile station 
transmit power in order to keep the received uplink Signal- 

25 to-Interference Ratio (SIR) at a given SIR target. The base 
station is arranged to estimate the total uplink received 
interference in the current frequency band. The base 
station then generates TPC (Transmit Power Control) 
commands according to the relationship between the 

30 estimated SIR and the target SIR. If the estimated SIR is 
larger than the target SIR, then a TPC command "down" is 
generated. If the estimated SIR is smaller than the target 
SIR, then a TPC command "up" is generated. Upon reception 
of a TPC command, the mobile station adjusts its transmit 
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power in the given direction with a step of A«ppc dB. The 
step size A^pc is a parameter that may differ between 
different cells. 

5 In WCDMA systems, interference estimation methods can be 
divided into two classes according to the location of an 
interference estimator in the RAKE receiver. 

If the interference estimator is located before despreading 
10 of the received SS signal, it is based on a wide band power 
measurement. In this kind of solution, the signal plus 
interference power is measured from the wide band signal, 
and an interference estimate is then performed by 
subtracting the signal power from the measured wide band 
15 power. However, the subtraction of the signal power is a 
problem in the WCDMA system, because the data rate might 
not be known, such that it is difficult to estimate the 
signal power. Furthermore, this kind of interference 
estimation does not properly takes an orthogonality of the 
20 spreading codes into consideration. 

Alternatively, the interference estimator can be located 
after despreading the received SS signal. In this case, the 
interference estimation is based on a variance estimation 

25 performed at the symbol level. The variance is measured 
over known symbols assuming that the WCDMA channel is 
nearly constant during a measuring period. In this kind of 
estimation, a change of the orthogonality is tracked in the 
right way. However, due to a small number of known symbols, 

30 the variance of that kind of estimator is high. Moreover, 
fast fading is a problem of this kind of estimation, since 
changes of the WCDMA channel during the estimation period 
may degrade the interference estimation. 
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SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
5 provide a method and apparatus for performing an 
interference estimation, which provide an improved 
estimation accuracy and properly consider code 
orthogonalities . 

10 This object is achieved by a method for performing an 

interference estimation in a spread spectrum system using a 
plurality of spreading codes with different code lengths, 
comprising the steps of: 
receiving a spread spectrum signal; 

15 generating a despread sample signal by averaging over a 
predetermined code period over which said plurality of 
spreading codes are orthogonal; and 

calculation a variance estimate based on said despread 
sample signal. 

20 

Additionally, the above object is achieved by an apparatus 
• for performing an interference estimation in a spread 
spectrum system using a plurality of spreading codes with 
different code lengths, comprising: 

25 receiving means for receiving a spread spectrum signal; 

sampling means for generating a despread sample signal by 
averaging over a predetermined code period over which said 
plurality of spreading codes are orthogonal; and 
estimation means for obtaining a variance estimate based on 

30 said despread sample signal. 



Accordingly, the interference estimate can be obtained 
based on a variance estimator of despread samples 
integrated over a code period having a length over which 
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all spreading codes are orthogonal. Thus, even if different 
signals of the WCDMA system are despread by spreading codes 
with different spreading factors, the interference 
estimation is performed on the basis of an orthogonal code 
5 period relating to a code segment from which all other 

codes are built. Since each despread sample corresponds to 
an orthogonal code period, the interference estimation may 
properly distinguish orthogonalities. Since more samples 
are used for the estimation, a higher accuracy is obtained 
10 as compared to an estimation based on the symbol level. 
Moreover, the accuracy of estimation is not dependent on 
the number of known pilot symbols, because the method and 
apparatus according to the present invention can be used 
with unknown symbols. 

15 

In view of the fact that one variance estimate can be 
performed during one control symbol, changes of the 
corresponding radio channel have less influence as compared 
to a symbol level based estimation where^one variance 
20 estimate is performed during many symbols. Furthermore, the 
interference estimate can be performed even if the 
* spreading factor or power of different code channels is 
unknown, which is not possible if the interference is 
estimated by a wideband power measurement. 

25 

Preferably, the variance estimate is calculated by 
averaging the despread sample signal of the spreading code 
length of the received spread spectrum signal. 

30 The predetermined code period preferably corresponds to the 
length of the shortest code of the plurality of spreading 
codes . 
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The variance estimate may be an MVU (Minimum Variance 
Unbiased) calculated by using the equation 

a 2 {t)^E{\X\ 2 )-\E{xf 

5 

wherein <r 2 (i) denotes the variance estimate for a symbol i 
of said received spread spectrum signal, X denotes the 
despread sample signal, E{X) denotes an expectation value 

2 

for the despread sample signal, and E(|x| ) denotes the 
10 mean power of said despread sample signal. 

Mi 
? 

Q The expectation value for variance estimate is expressed by 

Q 

L 15 

JJ where p denotes the number of samples used in the 

estimation. 

The despread sample signal may be generated based on the 
20 equation 



1 m 

*(»>-- 2Kk) 
m k=l 



wherein m denotes the number of chips of the predetermined 
25 code period, k denotes a chip index of a spreading code of 
said received spectrum signal, r(k) denotes the value of a 
signal, obtained by removing said spreading code from said 
received spread spectrum signal, at said chip index k, and 
wherein X(n) denotes the value of said despread sample 
30 signal at a sample index n. 
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Furthermore, the expectation value may be obtained based on 
the equation 

1 elm 
5 E{X)-— 2X(n) 
clm n=l 

wherein c denotes the spreading code length of said 
received spread spectrum signal, m denotes the number of 
chips of said predetermined code period, n denotes a sample 
10 index of said despread sample signal, and X(n) denotes the 
value of said despread sample signal at the sample index n. 

Furthermore, the mean power of the despread sample signal 
may be obtained based on the equation 

15 

E(\X\ 2 ) = -— I \X(nf 
c/m n=l 

wherein c denotes the spreading code length of said 
received spread spectrum signal, m denotes the number of 
20 chips of said predetermined code period, n denotes a sample 
index of said despread sample signal, and X(n) denotes the 
value of said despread sample signal at the sample index n. 

Preferably, the interference estimation may be obtained 
25 based on the equation 



/«m — 2^(0 

c N i-1 
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wherein / denotes the interference estimate, m denotes the 
number of chips of said predetermined code period, N 
denotes the number of averaged symbols of said received 
spread spectrum signal, for which said variance estimation 
5 is performed. 

The sampling means of the interference estimation apparatus 
may comprise an integrating means for integrating a signal, 
obtained by removing a spreading code from the received 
10 spread spectrum signal, over the predetermined code period. 

Furthermore, the estimation means of said interference 
estimation apparatus may comprise a first integrating means 
for integrating the despread sample signal over a spreading 

15 code length of the received spread spectrum signal, a 
second integrating means for integrating a signal 
corresponding to the power of the despread sample signal 
over said spreading code length, and subtracting means for 
subtracting a signal obtained by squaring an output signal 

20 of the first integrating means from an output signal of the 
second integrating means. 

Furthermore, the estimation means may comprise an averaging 
means for averaging an output signal of the subtracting 
25 means over a predetermined number of symbols of the 

received spread spectrum signal. In this case the averaging 
means may comprise an integrating means or, alternatively, 
a digital filter. 

30 The interference estimation apparatus may be an SIR 

estimator used for performing power control in a WCDMA 
transceiver. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, the present invention will be described 
5 in greater detail on the basis of a preferred embodiment 
with reference to the accompanying drawings, in which: 

Fig. 1 shows a principle block diagram of a WCDMA 
transceiver in which an interference estimation according 
10 to the preferred embodiment of the present invention is 
applied; 

Fig. 2 shows a flow diagram of the principle steps of the 
interference estimation method according to the preferred 
1 5 embodiment ; and 

Fig. 3 shows a principle block diagram of an interference 
estimator according to the preferred embodiment of the 
present invention. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The preferred embodiment of the method and apparatus 
25 according to the present invention will be described on the 
basis of a WCDMA transceiver which may be used in a base 
station of a mobile communication system. 

Fig. 1 shows a principle block diagram of a WCDMA 
30 transceiver comprising a spread spectrum transceiver (SS- 
TRX) 1 for supplying a received SS signal to each one of a 
synchronization unit 2, a RAKE filter 3, and an SIR 
estimator 5 according to the present invention. The 
synchronization unit 2 basically comprises matched fTlters 
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used to synchronize on a transmission by transmission 

basis. The synchronization unit 2 generates RAKE parameters 

supplied to the RAKE filter 3 so as to adapt the filter 

characteristic thereof to the channel characteristic of the 

5 transmission channel of the received SS signal. The output 

signal of the RAKE filter 3 is supplied to a decoder 4 used 

for decoding the received signal e.g. with respect to a 

scrambling code used in the WCDMA transmission. 

10 The SIR estimator 5 according to the present invention is 
arranged to perform a variance estimation of an 
interference of a power control signal included in the 
received SS signal. The estimated SIR value I obtained in 
the SIR estimator 5 is supplied to a power control unit 6 

15 arranged to generate respective TCP commands used for 
performing a power control at a respective transmitting 
mobile station. The generated TCP commands are transmitted 
by the SS-TRX 1 to the respective mobile station. 

20 According to the preferred embodiment, a multi-code 

transmission is performed, wherein a plurality of spreading 
codes (channelization codes) are used for the WCDMA 
transmission. The channelization codes are Orthogonal 
Variable Spreading Factor (OVSF) codes, which can be 

25 defined using a code tree. Each level in the code tree 

defines channelization codes of a code length corresponding 
to a spreading factor of the spreading code. However, all 
codes within the code tree cannot be used simultaneously. A 
code can be used if and only if no other code on the path 

30 from the specific code to the root of the code tree or in 
the sub-tree below the specific code is used. This means 
that the number of available channelization codes is not 
fixed but depends on the rate and spreading factor of each 
physical channel. 
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Thus, signals with different data rates are despread by 
spreading codes with different spreading factors. The 
shortest codes in the code tree are known and all other 
5 codes are built from them. In practice, when a code length 
is not known to the receiver, the despreading is initially 
performed according to the shortest code (minimal spreading 
factor) . In this condition, all codes must be orthogonal 
over the length of the shortest code period. Thus, the 
10 interference estimate can be performed based on a variance 
estimator of despread samples averaged or integrated over 
the orthogonal code period, e.g. the shortest existing code 
period. 



15 Fig. 2 shows a flow diagram of the basic steps of the 
interference estimation according to the preferred 
embodiment. In Step S100 an SS signal is received by the 
SIR estimator 5 from the SS-TRX 1. Then, the spreading code 
is removed in step S101, e.g. by multiplying the received 

20 SS signal with the spreading code of the power control 
channel . 



Subsequently, the obtained signal is averaged over the code 
length of the shortest spreading code, i.e. the orthogonal 
25 code period of all spreading codes used in the WCDMA 

system. Thereby, a sample signal X(n) is obtained, which 
properly reflects the orthogonal components of the received 
signal components. The average may be obtained based on the 
following equation (1) 

30 

1 m 

X(n)=— 2r(k) (1) 
m k=\ 
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wherein m denotes the length of the shortest code period, k 
denotes a chip index, n denotes an index of samples 
integrated over the shortest code length, and X(n) denotes 
a value of the obtained despread sample signal at the 
5 sample index n. 

Thereafter, an interference estimate I(i) for a control 
symbol i is estimated based on a noise variance estimation 
of the despread sample signal (step S103) . Assuming that 
10 the interference in the transmission channel corresponds to 
Additive White Gaussian Noise (AWGN) , the optimum estimator 
for the interference is the MVU (Minimum Variance Unbiased) 
defined by the following equation (2) 

15 a 1 = E(\X-E(X)\ 2 ) (2) 

wherein E(X) denotes an expectation value of the value X. 

According to "Fundamentals of Statistic Signal Processing: 
20 Estimation Theory" by S.M. Kay, Prentice Hall, 1993, the 
above equation (2) can be reduced to 

a 2 =E(\X\ 2 )-\E(xf (3) 

25 i.e. the interference estimator can be obtained by 

subtracting the square of an expectation value of a sample 
X from an expectation value of the mean power of samples of 
X. 

30 The expectation value for the variance estimate is 
expressed by 
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E ^ 2 )^^-a 2 (4) 
p + 1 

where p denotes the number of samples used in the 
estimation. 

5 

Finally, the interference estimate calculated according to 
the above equation (3) is averaged over a predetermined 
control interval (step S104) so as to obtain a final 
interference estimate used as the SIR estimator supplied to 
10 the power control unit 6. In particular, the predetermined 
control interval corresponds to a predetermined number of 
averaged control symbols* 

The expectation value of the sample X and the mean power of 
15 samples of X used for calculating the interference estimate 
in step S103 can be obtained from the following equations 
(5) and (6) : 



20 



E(X). 



1 



elm 



, 2*(») 

c/m n=l 



E(\X\ 2 ) = — J \x(nf 



c/m n=l 



(5) 



(6) 



wherein c denotes the length of the spreading code of the 
received control signal, i.e. control channel. 

25 

Furthermore, the averaging performed in step S104 can be 
obtained on the basis of the following equation (7) : 
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« C + fit 1 , N / — 7 > 

77 1/(0 < 7 > 

c * i-l 

wherein J denotes the final interference estimate, N 
denotes the number of average symbols, J(i) denotes the 
5 interference estimate for a control symbol i. 

The above calculations can be performed by a signal 
processor, averaging circuits or integrating circuits- The 
final averaging based on the equation (7) can be performed 
10 by integrating over a TPC control interval. Alternatively, 
the averaging can be performed by a digital filter such as 
an IIR (Infinite Impulse Response) filter. 

Fig. 3 shows a principle block diagram of the SIR estimator 
15 5 shown in Fig. 1. The specific components of this block 

diagram may be achieved by corresponding signal processing 
functions in a signal processor or by discrete hardware 
circuits . 

20 • According to Fig. 3, the received SS signal including the 
power control symbols is supplied to a multiplier Ml 
arranged to multiply the received SS signal by the 
spreading code used in the power control channel. Thereby, 
the spreading code is removed from the received SS signal. 

25 Then, the obtained signal from which the spreading code has 
been removed is supplied to a first integrator II which 
performs an integration over the shortest code length itru, 
wherein x denotes the time duration of one chip of the 
spreading code. At the output of the integrator II, a 

30 switch is provided which is closed at the timing t + irrc, so 
as to perform a sample operation of the integrated output 
signal at the end of the integration period. The obtained 
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despread sample signal is supplied to a second integrator 
12 and a first squaring unit Ql for obtaining a square of 
the absolute value of the sample signal. Thus, the output 
of the squaring unit Ql corresponds to the mean power of 
the sample signal. This mean power signal is supplied to a 
third integrator 13. 

The second and third integrators 12 and 13 are arranged to 
integrate the sample signal and the mean power signal, 
respectively, over a time period (c/m)T corresponding to 
the length of the spreading code of the control channel. At 
the outputs of the second and third integrators 12 and 13 
respective switches are provided, which perform a sample 
operation of the output signals at a timing t + (c/m)x, so 
as to obtain an output value corresponding to an 
integration over the spreading code length. The output 
value of the second integrator 12 corresponds to the 
expectation value E(X) of the despread sample signal. As 
the total integration performed by the first integrator II 
and the second integrator 12 corresponds to an integration 
over the whole spreading code length of the control 
channel, the output of the integrator 12 can be used as a 
control symbol output at which the control symbols can be 
obtained in order to be used e.g. by the power control unit 
6. 

Furthermore, the output value of the second integrator 12 
is supplied to a second squaring unit Q2 for generating an 
output value corresponding to a square of the absolute 
value of the expectation value E(X). The output value of 
the second squaring unit Q2 is supplied to a multiplyer M2 
arranged for multiplying the output value of the second 
squaring unit Q2 by a value (-1) and for supplying the 
result of the multiplication to an adding unit Al . The 
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adding unit Al is arranged to add the output value of the 

third integrator 13, i.e. the value E(jx| ) to the 
multiplication result of the multiplyer M2. Thus, the 
output value of the adding unit Al corresponds to the 
5 interference estimate J(i) for a control symbol i. 

Finally, the output value obtained from the adding unit Al 
is supplied to a fourth integrator 14 which performs an 
integration over the time period Ncx corresponding to a TPC 
10 control interval, wherein N denotes the number of averaged 
symbols of the TPC control interval. Again, a switch is 
provided at the output of the integrator 14 so as to 
perform a sample operation at the timing t + Ncx. 

15 In summary, the processing performed by the first 

integrator II corresponds to the above equation (1) . 
Furthermore, the processing performed by the first and 
second integrators 12 and 13, the first and second squaring 
units Ql and Q2, the multiplier M2, and the adding unit Al 

20 corresponds to the above equation (3) in combination with 
the above equations (4) and (5) . 

Furthermore, it is noted that processing performed by the 
multiplier M2 and the adding unit Al corresponds to a 
25 subtracting operation, such that the units M2 and Al could 
be replaced by a single subtracting unit. 

Finally, the processing performed by the fourth integrator 
14 corresponds to the above equation (6) . 

30 

Since the interference estimation according to the 
preferred embodiment is based on despread samples derived 
from an orthogonal code period, e.g. the shortest -cade ■ 
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period provided in all spreading codes, a high accuracy can 
be obtained compared to an estimation based on the symbol 
level. Moreover, a proper consideration of orthogonality 
can be assured. Furthermore, the interference estimation is 
5 unbiased even if the channel is fading very fast. 

To summarize, the present invention relates to a method and 
apparatus for performing an interference estimation in a 
spread spectrum system using a plurality of spreading codes 

10 with different code lengths, wherein the interference 
estimate is obtained based on an unbiased interference 
estimate of despread samples integrated over a 
predetermined code period over which said plurality of 
spreading codes are orthogonal. Thereby, an interference 

15 estimation with high accuracy and proper consideration of 
code orthogonality can be obtained. 

It is noted that the above interference estimation method 
and apparatus described in the preferred embodiment can be 

20 applied in any communication network using a plurality of 
spreading codes. The above description of the preferred 
embodiment and the accompanying drawings are only intended 
to illustrate the present invention. The suggested MVU 
interference estimation can be replaced by any estimation 

25 suitable for deriving a interference estimate of the 

despread code samples. The preferred embodiment of the 
invention may thus vary within the scope of the attached 
claims . 
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Claims 

1. A method for performing an interference estimation in a 
spread spectrum system using a plurality of spreading codes 

5 with different code lengths, comprising the steps of: 

a) receiving a spread spectrum signal; 

b) generating a despread sample signal by averaging over a 
predetermined code period over which said plurality of 
spreading codes are orthogonal; and 

10 c) calculating a variance estimate based on said despread 
sample signal. 

2. A method according to claim 1, wherein said variance 
estimate is calculated by averaging said despread sample 

15 signal over a spreading code length of said received spread 
spectrum signal. 

3. A method according to claim 1 or 2, wherein said 
predetermined code period corresponds to the length of the 

20 shortest code of said plurality of spreading codes. 

4. A method according to any one of the preceding claims, 
wherein said variance estimate is an MVU calculated by 
using the equation 

25 

& 2 =E(\X\ 2 )-\E(xf 

wherein a denotes said variance estimate for a symbol i 
of said received spread spectrum signal, X denotes said 
30 despread sample signal, E(X) denotes an expectation value 

for said despread sample signal, and E(|x| ) denotes the 
mean power of said despread samples signal. 
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5. A method according to claim 4, wherein said despread 
sample signal is generated based on the equation 



5 X(n) 



1 m 
m k=l 



wherein m denotes the number of chips of said predetermined 
code period, k denotes a chip index of the spreading code 
of said received spread spectrum signal, r(k) denotes the 
10 value of a signal, obtained by removing said spreading code 
from said received spread spectrum signal, at said chip 
index k, and wherein X(n) denotes the value of said 
despread sample signal at a sample index n. 

15 6. A method according to claim 4 or 5, wherein said 
expectation value is obtained based on the equation 



20 wherein c denotes the spreading code length of said 

received spread spectrum signal, m denotes the number of 
chips of said predetermined code period, n denotes a sample 
index of said despread sample signal, and X{n) denotes the 
value of said despread sample signal at the sample index n. 



E{X) = 



1 elm 




7- A method according to any one of claims 4 to 6, wherein 
said mean power of said despread sample signal is obtained 
based on the equation 
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o 1 clm x O 

c/m n=l 

wherein c denotes the spreading code length of said 
received spread spectrum signal, m denotes the number of 
chips of said predetermined code period, n denotes a sample 
index of said despread sample signal, and X(n) denotes the 
value of said despread sample signal at the sample index n. 

8. A method according to any one of claims 4 to 7, wherein 
the interference estimate is obtained based on the equation 

c + m 1 ^ r ,. x 
I-m T7 2/(0 

c N i=l 

wherein / denotes said interference estimate, m denotes 
the number of chips of said predetermined code period, N 
denotes the number of averaged symbols of said received 
spread spectrum signal, for which said variance estimation 
is performed. 

9. A method according to any one of the preceding claims, 
wherein said spread spectrum system is a WCDMA system. 

10. An apparatus for performing an interference estimation 
in a spread spectrum system using a plurality of spreading 
codes with different code lengths comprising: 

a) receiving means (1) for receiving a spread spectrum 
signal; 

b) sampling means (II) for generating a despread sample 
signal by averaging over a predetermined code period 
over which said plurality of spreading codes are 
orthogonal; and 
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c) estimation means (12, 13, 14, Ql, Q2, Al, M2) for 

obtaining a variance estimate base on said despread 
sample signal. 

5 11. An apparatus according to claim 10, wherein said 

predetermined code period corresponds to the length of the 
shortest spreading code of said plurality of spreading 
codes . 

10 12. An apparatus according to claim 10 or 11, wherein said 
sampling means comprises an integrating means (II) for 
integrating a signal, obtained by removing a spreading code 
from said received spread spectrum signal, over said 
predetermined code period. 

15 

13. An apparatus according to any one of claims 10 to 12, 
wherein said estimation means comprises a first integration 
means (12) for integrating said despread sample signal over 
a spreading code length of said received spread spectrum 

20 signal, a second integration means (13) for integrating a 
signal corresponding to the power of said despread sample 
signal over said spreading code length, and subtracting 
means (Al, M2) for subtracting a signal obtained by 
squaring an output signal of said first integrating means 

25 (12) from an output signal of said second integrating means 
(13) . 

14. An apparatus according to any one of claims 10 to 13, 
wherein said estimation means comprises an averaging means 

30 (14) for averaging an output signal of said subtracting 
means (Al, M2) over a predetermined number of symbols of 
said received spread spectrum signal. 
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15. An apparatus according to claim 14, wherein said 
averaging means comprises an integrating means (14) . 

16. An apparatus according to claim 14, wherein said 
5 averaging means comprises a digital filter. 

17. An apparatus according to any one of claims 10 to 16, 
wherein said interference estimation apparatus is an SIR 
estimator (5) used for performing power control in a spread 

10 spectrum transceiver. 

18. An apparatus according to any one of claims 10 to 17, 
wherein said spread spectrum system is a WCDMA system. 

15 19. A transceiver for a spread spectrum system using a 

plurality of spreading codes with different code lengths, 
comprising: 

a) receiving means (1) for receiving a spread spectrum 
signal; 

20 b) sampling means (II) for generating a despread sample 
signal by averaging over a predetermined code period 
over which said plurality of spreading codes are 
orthogonal; 

c) estimation means (12, 13, 14, Ql, Q2, Al, M2) for 

25 obtaining a variance estimate based on said despread 

sample signal; and 

d) power control means (6) for generating a transmit power 
control signal based on said variance estimate. 

30 20. A transceiver according to claim 19, wherein said 
transceiver is a WCDMA receiver. 
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY 

Includes Reference to PCT International Applications 



Attorney's Docket 
N0.492547GPUS 



As a below named inventor, I hereby declare that; 

My residence, post office address and citizenship are as stated below next to my name. 

1 believe 1 am the original, first and sole inventor (if only one name is listed belo'v) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which 15 claimed and for which a patent is sought on the invention entitled: 

Method and Apparatus For Performing Interference Estimation ^ 



the specification of which (check only one item below) 
[J is attached hereto 

[] was filed as Uniicd States application 

Serial No. _ 

on 

and was amended 
on __ (if applicable). 

[x] was filed as PCT international application 

Number PCT/EP99/04053 ^ 

on 11 June 1999 

and was amended under PCT Article 19 

on__(if applicable). 

1 hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as 
amended by any amendment referred to above, 

I acknowledge the duty to disclose information which is material to the patentability of the application in accordance with Title 
37, Code of Federal Regulations, §1 .56(a). 

1 hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign application^) for patent or 
inventor's certificate or of any PCT international application^) designating at least one country other than the United States of 
America listed below and have also identified below any foreign applications) for patent or inventor's certificate or any PCT 
international applicaiion(s) designating at least one country other than the United States of America filed by me on the same 
subject matter having a filing date before that of the applicadon(s) of which priority is claimed. 



PRIOR FOREI GN/PCT APPLICATIONS AND ANY PRIORITY CLAIMS UNDER 35 US.C. 119; 



Country 
(if PCT, indicate "PCT") 


Application 
Number 


Date of Filing 
(day, month, year) 


Priority Claimed 
Under 35 U.S.C. 
119 








[] YES 


D NO 


PCT^- 


PCT/EP99/04053 


11 June 1999 S 


M YES 


UNO 








U YES 


D NO 








[J YES 


UNO 








[J YES 


0 NO 








0 YES 


U NO 








0 YES 


UNO 



Pafcc 1 of 3 



U.S. DEPARTMENT OF COMMliRCE Parant and Trademark Office 



28/03.; 02 10:02 FAX +49 89 532611 



TBK-MONCHEN 



006 



"Combined Declaration for Patent Application and Power of Attorney (Continued) 

(Includes Reference to PCT International Applications) 



Attorney's Docket No. 
4925A76PVS 



1 hereby claim the benefit under Title 35. United States Code, §120 of any United States application(s) or PCT international 
application(s) designating the United States of America that is/are listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in that/those prior appiication(s) in the manner provided by the first paragraph of 
Title 35, United States Code, §1 12 v I acknowledge the duty to disclose material information as defined in Title 37, Code of 
Federal Regulations, §L 56(a) which occurred between the filing date of the prior application(s) and the national or PCT 
international filing date of (his application: 



PRIOR U.S, APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING THE U.S. FOR BENEFIT 
UNDER 35 U.S.C 120: 



U,S. APPLICATIONS 



U.S. APPLICATION NUMBER 


U.S. PILING DATE 


PATENTED 


PENDING 


ABANDONED 
































PCT APPLICATIONS DESIGNATING THE U.S. 








PCT APPLICATION NO. 


PCT PILING DATE 


U.S. SERIAL NUMBERS 
ASSIGNED (if any) , 








PCT/EP99/04053 ^ 


11 June 1999 ^ 






X 

















STATUS (check one) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or ageni(s) toiprosecute this 
application and transact all business in the Patent and Trademark Office connected therewith (List name and registration 
number) 

MYRON COHEN, Reg. No. 17,353 ; THOMAS C, PQNTANI, Reg. No. 29, 763- LANCE J. 
LIBBBRM AN, Reg. No. 28,437; MARTIN B. PA VANE, Reg. No. 28.337: M ICHAEL C. STUART, 
Reg. No. 35.69£ KLAUS P. STOFFFI.. Re g. No. 3 1 r 668; EDWARD WE1S2, Reg. No. 37.257; 
^ VINCENT M. FAZZARI, Reg. No. 26,879; JU LIA S. KIM, Ree. No. 36.567: ALFRED FROEBRTCH, 
R f£ Nn 2RMb A LFRED H. HEMINGWAY, JR , Reg. No. 26.736: KENT H. CHENG, Reg. No. 
33.849; YU NLING REN, Reg. No. 47,019; ROGER S. THOMPSON, Reg. No. 29,594 ; BRICE 
FALLER, Reg. No. 29,532: D AVID J. RQ"§ENBLUM: Req. No. 37.709 : TONY CHEN, Reg, No. 
44,607; E LI WEISS. Reg. No. 17.765. 



/ 



Se 


nd correspondence to; 
Michael C- Stuart 
Reg. No. 35,698 

Cohen. Pontani, Licberman & Pa vane 




Direct Telephone calls to: 
(name and telephone number) 

J212}_fiS2 z 2770_ 


551 Fifth Avenue^ 
New York. New 1 


Suite 1210 
fork_10I76 




2 

tit 


FULL NAMC Ol- INVENTOR 

> 


Family name 
PAJUKOSKI 


FIRST GIVEN NAME 

Kari 


SECONPtfiVEN NAME 




residence. cmzr.NSmi* 


C"ITY 

Q«iu, B f-XK 


STaTEOR FOHIjION COUNTRY 

Finland 


COUNTRY CI" CITIZENSHIP 

Finland ^ 




KKiT OI : F{C;k ADUKI-JiS 


KXST OH : ICI- ADDRESS 

Rantakastcliintie 8 B 14 


CITY 

Oulu 


STATU & ZH' CODE/COUNTRY 

FIN-90230 Finland 


2 
Si 


HJU. NAM I; Or |NV!:NVOtt 


I : AMILY NAME 

HORNEMAN 


FIRST GIVEN NAME 

Kari 


SlaCOND GIVUN NAME 




wsmmcz. crnznNSiiw 




STATE OK r-OkStGM COUNTRY 

Finland 


COUNTRY or- CITIZESNS 1! II 5 

Finland 






mSTORXIiADOKESS 

Kaijantie 36 j 


CITY 

Oulu 


STATU &. 7JP CODE/COUNTRY 

FIN-90800 Finland 
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Combined Declaration for Patent Application and Power of Attorney (Continued) 

(Includes Reference to PCT International Applications) 



Attorney's Docket No. 
4925-176PUS 



mm. N AMI; Or INVENTOR 



RESIDENCE. CITIZENSHIP 



TOST QITia-. ADDRESS 



FAMILY NAME 

KINNUNEN 



CITY 



POST OFFICE AD»K1:SS 

Purjehtijantie 10 B 24 



FIRST GIV1=N NAMC 

Pasi 



SI3COND GIVEN NAME 



STATE OR FOREIGN COUNTRY 

Finland 



COUNTRY 0»' CrrOfrfSiUP 

Finland _ 



CITY 

Oulu 



STATE & ZTP COOlVCOlJNTKY 

FIN-90560 Finland 



I hereby declare thai all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed lo be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, 
under §1001 of Title IS of the United States Code and thai such willful false statements may jeopardize the 
validity of ihe application or any patent issuing thereon. 



sign a; 



NATOUE Oh HMVJ2NTOR 201 



DATE 



2 Qtiicifoo 



SIGNATURE INVENTOR 202 



DATE 



/Wo 2. 



SjOUATURE OF INVENTOR 203 



DATE 



Otyo9/206Z- 
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